Biodiversity offsetting is used in diverse policy contexts to reduce, halt or reverse losses of biodiversity arising from development or other uses of the natural environment. Despite increasing interest in the concept of biodiversity offsetting, relatively little attention has been devoted to investigating its use in marine environments. This paper presents a systematic review of documents evidencing the application or inclusion of biodiversity offset principles in policy frameworks concerning the marine environment, and in marine development projects. Biodiversity offsetting policies applicable to marine environments were found to exist in six countries (US, Canada, Australia, France, Germany, Colombia) and have been actively considered in at least 27 others. Outside of these, a wide range of other approaches promoting uptake of biodiversity offsetting principles in a marine context were identified. These range from preliminary studies to identify potential compensatory habitat, to nascent biodiversity markets, and project-level application of corporate standards of no net loss. Evidence suggests that where offsetting policy is developed for specific marine application, the preferred approach is to pool financial contributions from developers into funds for strategic action for biodiversity benefit.
Introduction
Damage to natural environments and their widespread conversion for other uses are contributing to the accelerating decline of global biodiversity [1, 2] . Biodiversity offsetting is one of many proposed approaches for mitigating losses of biodiversity associated with economic and infrastructure development projects [3] . The underpinning principle of biodiversity offsetting is 'no net loss' (NNL) -i.e. the counterbalancing of biodiversity losses with biodiversity gains [4] . These gains can be realised through various mechanisms including; restoration or rehabilitation of habitat in another location, averted loss e.g. through the protection of an area and education, and management to alleviate or avert pressures that would lead to biodiversity losses [3] . Other mechanisms such as allocation of funds for research have also been characterised as biodiversity offsets in contexts where lack of knowledge is considered an impediment, however these are considered to be very 'out of kind' and difficult to reconcile with the principle of NNL [5, 6] .
Conceptually, the implementation of biodiversity offsets can take one of three forms: (1) ad-hoc projects delivered directly by the proponent of development causing biodiversity loss; (2) third party habitat banks (also referred to as species, conservation or mitigation banks) where 'biodiversity credits' equivalent to meeting offsetting requirements can be purchased or otherwise exchanged; and, (3) in-lieu fees where financial compensation for biodiversity impacts is pooled for strategic level conservation projects [3, 7] . To guide the appropriate application of biodiversity offsets a set of key principles have been widely accepted as necessary for the success of the approach [4] (Table 1) .
Information relating to the application of the key biodiversity offsetting principles (Table 1) has been gathered from the source material. A total of 124 documents were identified that provide evidence of the uptake and application of these principles (electronic appendix 2). Using these principles as criteria, evidence of the application of the mitigation hierarchy in addition to any other of the principles has been documented. The mitigation hierarchy is often promoted through environmental impact assessment (EIA) frameworks. Biodiversity offsetting builds on this and increases the rigour of its application through assessments of equivalence, additionality, continuity of biodiversity provision and compliance monitoring requirements (Table 1) . Given the lack of available information relating to marine biodiversity offsets it is likely that such strategies are at varying stages of development or operating on an informal basis and are unlikely to incorporate all of the key principles. Accordingly, evidence of the uptake of any number of the key principles (in addition to the mitigation hierarchy) with explicit reference to supporting the use of marine biodiversity offsets is presented as an indication of emergent public policy or strategy. It is important to note that the approaches recorded here focus on ex ante approaches to environmental compensation and do not include requirements for rectifying unforeseen impacts or for rehabilitation of a site at the point of decommissioning.
This review does not analyse the information gathered concerning the effectiveness of offsets to avert biodiversity losses, or the extent to which widely accepted standards for best practice are integrated into the approaches identified [4] . The aim here is to identify instances where biodiversity offsetting principles are being applied in marine environments, and what form this takes.
Sub-national offsetting public policy has similar aims to that of national public policy but is relevant to specific sub-national political jurisdictions only (e.g. state level). Sub-national policy in South Africa precedes national policy and whilst terrestrial in focus does not preclude application in marine environments [41] . In the US and Australia sub-national policy has been developed for specific marine application of biodiversity offsets in the instance of impacts to eelgrass in California, fish habitat in New South Wales (NSW) and specifically for the Great Barrier Reef (GBR) in Queensland [42] [43] [44] [45] . In Australia, sub-national policy supporting the application of biodiversity offsetting exists in five of its six states. Marine application for most sub-national offsetting policy in Australia relates to the protection of native vegetation which includes marine habitats such as seagrass. Outside of the marine specific policies of NSW and for the GBR, limited guidance is provided as to how impacts to marine vegetation should be addressed [46, 47] . Table 2 . Types of public policy mechanism identified as supporting the application of biodiversity offsetting principles in a marine context by country. *Sectoral offsetting policies identified stem from private standards, these examples are also included in Table 4 . **US policies also apply to five US territories (see electronic appendix 2). ***Policies at a European Union (EU) level apply to all 23 coastal member states, however, a number of member states have moved ahead of the existing and tentatively emergent position. In addition, policy exists at an EU level that requires the comprehensive application of biodiversity offsetting principles but is restricted in application for impacts to designated sites only. Emergent national or supranational offsetting public policy refers to those countries where evidence of progression towards the development of a national policy (as defined in this paper) and uptake of biodiversity offsetting principles has been identified. In addition to existing sub-national policy, South Africa is exploring the development of national policies and options that are applicable to marine environments but limited information is available as to the detail of these discussions [41] . In Peru, uptake of a NNL goal is gaining momentum with offsetting policy and guidance being recently agreed for Andean environments, it is expected that the reach of this will expand to include marine environments in coming years [48] . Further, an EU initiated project, currently on hold, considers how an aim of NNL might extend beyond currently existing biodiversity protection legislation that is limited to key habitats and species [49, 50] . The UK national position on biodiversity offsetting has been put on hold after an initial pilot project [51] . However, there was significant interest in its marine application and the potential opportunities to generate revenue for organisations such as the UK Crown Estate [52, 53] . Despite this national position, the UK is still subject to the requirements of the EU Birds and Habitats Directives and a government-led project has been tendered relating to the identification of habitats to assist with the compensation requirements arising through the consenting processes for marine development [54] .
Threats posed to the coastal marine environment have been directly addressed in Belize through the development of a marine biodiversity offset framework which is hoped to progress to a more formal state. This has been developed through a partnership with the Australia-Caribbean coral reef collaboration and the Belize Coastal Zone Management Authority and Institute [55] . This framework explicitly identifies the need for compliance and continuity however, the application of biodiversity offsetting principles in Belize is dependent on the compliance regime to be put in place to support implementation once adoption progresses beyond the current emergent status.
Sectoral offsetting public policy relates to the existence of policy developed for a specific sector (such as mining) that supports the application of biodiversity offsetting principles in a marine context. In both Liberia and Mozambique, the standards applied through this public policy have not been developed by government and relate directly to private standards which are considered in more detail in section 3.2.
National public policy requiring partial application of offsetting principles relates to other national policies that do not explicitly reference biodiversity offsetting but support the application of a number of biodiversity offsetting principles. These principles go beyond the application of the mitigation hierarchy and seek to improve the success of compensatory action (Table 3) . Legislation in the Netherlands extends the remit of the EU Birds and Habitats Directive to include some marine habitats and species of national importance. Whilst offsetting is not specifically referenced within this additional legislation, the need for equivalence and continuity of biodiversity to be considered when defining compensation arrangements is detailed [56] . The Korean Act on the Conservation and the Use of Biodiversity requires that a bond be held as security against compensation success and discussions have been held as to how a NNL policy could be introduced [57] [58] [59] [60] [61] [62] [63] . In Argentina legislation requires that impacts are remedied by the proponent causing biodiversity loss and establishes an environmental compensation fund as an option should restoration not be technically feasible [64] .
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× × × Continuity
Offsets deliver biodiversity benefits from the point of biodiversity loss and for the duration of impact.
× × × Compliance success
Implementation and success of offset requirements should be overseen by a third party or regulator.
× × × ×

Offsetting mechanisms not stemming from public policy
Evidence also exists for uptake of biodiversity offsetting principles in marine environments outside of public policy frameworks. These mechanisms are usually used at a project or an activity level and vary widely in extent and mode. Of the eight instances identified, six are directly associated with financial controls where a degree of compliance success is imparted through associated processes (Tables 4  and 5 ). The five types of mechanism promoting the application of biodiversity offsetting principles relating to finance include: (1) private standards levied by development banks such as the IFC [65, 66] ; (2) conservation funds promoting the pooling of funds for the strategic application of marine biodiversity offsets; (3) the application of a marine resource access charge [67] ; (4) the research and development of biodiversity markets through the local-level fisheries management frameworks as being trialled in Chile [68] ; and, (5) corporate standards. 
The final type of mechanism identified relates to the practical application of corporate standards, for which evidence has been found at a project rather than national level. There has been an increased recognition of the need to address the environmental impacts of corporations as major contributors to current trends of declining biodiversity [69] . In response, a growing number of corporations have identified or articulated a business case for improving their environmental practices -e.g. in order to secure access to essential environmental assets, and to gain a social licence to operate and use these resources [8, 69] . One example of this is Tullow Oil's joint project with the Wildlife Conservation Society (WCS) in Gabon which seeks to improve marine ecological knowledge to improve the application of the mitigation hierarchy in offshore environments [28, 70, 71] . 
Mitigation hierarchy
Offsets as a last resort through avoiding, mitigating then compensating (offsetting) residual biodiversity impacts.
× × Equivalence
Balance is sought between biodiversity losses (impacts) and gains (offsets).
× × × Additionality
Offsets deliver benefits beyond those that would occur in the absence of the offset project.
Continuity
Offsets deliver biodiversity benefits from the point of biodiversity loss and for the duration of impact. 
× Compliance success
Discussion
Biodiversity offsetting in a marine context
Biodiversity offsetting policy has largely been developed for terrestrial application [28, 29] . Our review indicates that translation and application of this policy to marine environments has commonly taken place with little consideration of the challenges specific to these environments. The guiding principles for the success of biodiversity offsets in marine environments are almost identical to those required in terrestrial environments [14, 21] . However even in terrestrial environments, success of the approach to counter biodiversity losses and the application of these principles has proved to be challenging and there are concerns that it's misuse may be contributing to declining trends of biodiversity [76] . The difficulties faced in the terrestrial environment include; the accounting of biodiversity (often across biodiversity types) to ensure that an aim of NNL is met; our ability to restore ecological components and habitats [3] ; those relating to compliance, such as the appropriate application of the mitigation hierarchy and post-consent monitoring; and the avoidance of the perverse application of the approach [77] . These challenges all apply to the marine application of biodiversity offsetting but are further exacerbated by three key factors; (1) the high level of uncertainty within marine impact assessment owing to the highly variable and connected nature of the environment [15, 19] ; (2) the limited evidence of ecological restoration success in a marine context [15] ; (3) the diffuse, complicated and at times remote governance arrangements managing the resource [21] .
Marine offsets required by public policy
Public policy relating specifically to offsetting and its application in marine environments was found to exist at a national (or supranational) level or a sub-national level in 30 countries and at a developmental stage in three countries (Table 1 ). In each of these countries impacts to marine habitats and species identified as ecologically important are required to be offset in line with the five key principles for biodiversity offsetting success (Tables 1 and 3 ). Public policy under development cannot incorporate measures for compliance success given that consenting regimes are to be established. All policy identified applies directly to marine environmental impacts and seeks to protect against losses of marine biodiversity. However, translation of this policy has only been considered in detail in relation to a very limited range of ecological components, eg. -the highly spatially managed GBR [45, 80] and fish habitat [40, 43, 44] . Little guidance is available relating to the consideration of mobile species such as seabirds and marine mammals or wider issues such as the social values attributed to marine parks. The uncertainty in impact prediction and ecological restoration is acknowledged in these 'marinespecific' policies with greater flexibility allowed in the application of the principles. For example, the definition of equivalence in some cases is applied much more loosely to allow for interpretation beyond 'like for like' replacement of habitat (electronic appendix 2). In situations where rehabilitation of habitat is difficult, as is the case with most fish habitat [43] , metrics are applied to calculate a financial equivalent to be applied by the regulator to create biodiversity gains to equal losses.
Niner 
Uptake outside of public policy
Private standards formally regulate biodiversity offsetting on a project by project basis through financial agreements and these can apply to projects leading to impacts on marine biodiversity. Despite private standards commonly applying at a project level, there is evidence of their incorporation into public policy. An example of this is the Liberian Mining Act which specifically references the private standards of the IFC relating to biodiversity offsetting [65, 73] . Biodiversity offsetting requirements from these sectoral public policies stem from the existence of these privately developed standards and have not been developed by government.
In addition to the more formally regulated private standards, other less formal approaches are driving the application of biodiversity offsetting in marine environments. These mechanisms are usually used at a project or activity level in the absence of national or sub-national policies and in most cases are applicable to marine environments but have not been developed specifically for this purpose. The exception to this is the work being piloted in Chile to develop biodiversity markets through local fisheries-based management where issues relating to tenure of spatial areas of the fishery are overcome through the application of territorial user rights for fisheries [68] . The authors of the study outlining the progress of this pilot cite the need to develop new conservation instruments to support underfunded international targets such as those under the Convention on Biological Diversity as drivers for this work [81] . Other indications exists that marine biodiversity offsetting is being used to raise revenue where central funding does not exist or is insufficient to meet wide conservation commitments, such as in Mozambique where the development of a conservation trust fund specifically states the "consolidation of the national Protected Areas system" as part of its mission [82] . It is widely accepted that funding for marine conservation is not sufficient to support the activity required to protect marine environmental resources [83] . However, cautious management is required if offsets are to be used in this manner to ensure true additionality and to avoid 'cost-shifting' and the displacement of existing or future sources of marine conservation finance [77, 84] . Niner Corporate standards are another mechanism driving uptake of biodiversity offsetting principles in the marine environment. An increased appreciation of the business relevance of environmental impacts and the maintenance of a social licence to operate has led to a recent increase in uptake of corporate goals or standards relating to biodiversity [69] . Some of these standards relate specifically to a company-level commitment to NNL of biodiversity [69] . However, despite evidence of marine application at a project level being available no evidence was found of strategic policy level consideration of what might be required for successful application in marine environments. Corporate standards are not necessarily subject to third party oversight and no information was found that allowed for an assessment of the influence or success of such aims. In contrast, private standards such as those required by the IFC and other sources of development finance are subject to third party oversight. This increases the rigour of environmental management in countries that do not currently have marine biodiversity offsetting requirements incorporated into public policy. For those mechanisms being applied outside of public policy compliance is the principle most commonly addressed. Independent third party oversight (private standards), the upfront payment into a conservation fund or of a resource access fee, or the purchase of credits from a biodiversity bank (biodiversity markets) increases the likelihood of compensation taking place. However, ensuring compliance does not provide the assurance that associated action will lead to a balance of marine biodiversity losses and gains that other principles such as equivalence, additionality and continuity could.
Conclusion
This review presents a first attempt at documenting the current global status of application of biodiversity offsetting in a marine context. Results highlight that the approach is being applied in diverse policy contexts and the principles identified as essential for offsetting success offsetting success are being subject to both partial and comprehensive adoption. National biodiversity offsetting policies applicable to the marine environment were identified in six countries with at least 27 others actively pursuing similar approaches. However, existing policy has not, with the exception of a very low number of sub-national and fisheries specific policies, been developed specifically for marine application. Furthermore, little detail is available as to how the key challenges presented by the marine environment might be addressed in existing non-marine specific biodiversity offsetting policy. Where frameworks have been developed specifically for marine application a common suggestion appears to be pooling financial contributions to apply to strategic projects for wider biodiversity benefit. This review does not include an analysis of the success of the policies and other approaches in achieving or contributing to an aim of NNL of biodiversity. Further understanding of how the approach is being used to manage biodiversity losses is required to better understand the risks posed by the application of biodiversity offsets in marine environments.
[13] J.W. Bull "Offsets will not replace or undermine existing environmental standards or regulatory requirements…" [36] "Offset provision must minimise the time-lag between the impact and delivery of the offset." [36] "Where legal security is required, offsets must be legally secured for the duration of the impact on the prescribed environmental matter." [36] managed through planning conditions [44] "A compliant offset must be secured, to the satisfaction of the responsible or referral authority, before the native vegetation is removed." [44] managed through planning conditions [43] [44] [45] 3 Work is currently being undertaken addressing the issue of equivalence in the Great Barrier Reef in support of the development of the Reef Trust mechanism [40] . Niner [53] "Offsets need to secure outcomes for at least as long as the project's impact. The impacts of most projects are permanent and therefore offsets generally need to be secured in perpetuity." [53] "The SEB area should be established and management initiated at the time of, or prior to, the approved clearance being undertaken." [53] managed through planning conditions Biodiversity strategy to "halt biodiversity and ecosystem service loss by 2020"
To address biodiversity losses outside of protected areas.
No Includes marine environments n/a n/a n/a n/a n/a [56] [57] [58] European Union [69] managed through planning conditions [12, 57, 69] 4 Development of the strategy has been put on an indefinite hold. "Offsets should not comprise actions or activities already required by law." [78] "Offsets in the most appropriate form must be secured before development commences, to give assurance of effectiveness." [78] "Offsets must provide long term security for tenure." [78] "Offset must provide long term security for management" [78] managed through planning conditions [78, 86] Niner [77] "offsets must last for the duration of project impacts5 or in perpetuity. They should be monitored and managed adaptively to sustain desired conservation outcomes." [77] "offsets in the most appropriate form must preferably be secured before development commences." [77] Managed through planning conditions [77, 85] [118] No Guidelines for marine habitats expected to be developed [118] 6 Credits in theory could be 'earnt' through the delivery of biodiversity gain prior to exchange against offsetting requirements there minimising or removing any time lag between biodiversity loss through impact and gains. 7 Effective third party brokerage ensures delivery of biodiversity and receipt of finance in exchange. Niner [122] No "marine and estuarine ecosystems" [122] Yes (through RMA 1991)
"…proposals should reasonably demonstrate that no net loss has been achieved using methodology that is appropriate and commensurate to the scale and intensity of the adverse effects." [122] " Implies application of IFC Performance Standard 6 "In areas of natural habitat, mitigation measures will be designed to achieve no net loss of biodiversity where feasible" [88] 
